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(54) Method and system for hit-less switching 

(57) A system and method are disclosed for 
processing digital signals in a telecommunications sys- 
tem that allow hit-less switching between a first digital 
signal in which a first payload, a first payload indicator 
marker and a first overhead are transported on a first 
channel, and a second digital signal in which a second 
payload identical to the first payload, a second payload 
indicator marker and a second overhead are trans- 
ported on a second channel. The present invention 
includes first and second pointer followers, first and sec- 



ond elastic buffers with control circuits, a monitor circuit, 
a multiplexer, and a pointer generator. The first and sec- 
ond elastic buffer control circuits each further comprise 
a write counter, a read counter, a phase detector, and a 
leak-out mechanism for reinitializing the system after a 
protection switch. The present invention hit-lessiy 
selects between the first and second digital signals with- 
out having to frame align the signals. 
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Description 

RAHKGROUNn OF THE INVENTION 



[0001] Switching of digital signals from a service 
(working) channel to an alternate (protect) channel and 
wee versa, in a communications system can cause a 
"hit" to the traffic. In other words, the payload can be 
corrupted during this switch from the working channel to 
the protect channel. This corruption occurs because the 
protect channel and the working channel have different 
signal payload pointer values, and a processor circuit 
must recognize the different pointer values and align its 
counter. During this time the traffic can be corrupted. 
[0002] Hit-iess (i.e.. error-less) switching systems 
(for example, for digital radio) are known. In these sys- 
tems, signals carried on a working channel are switched 
to a protect channel upon the detection of a predeter- 
mined threshold number of errors at the receiver. These 
prior switching systems accomplish this switching by 
compensating for the different transmission delays 
between the working and protect channels by incorpo- 
rating into each channel a delay build-out equal to the 
maximum differential delay between the two channels. 
Furthermore; an additional variable delay can be con- 
trollably added to the protect channel. By varying the 
length of this variable delay, a delay can be added to the 
protect channel such that the total delay of the protect 
channel is equal to the total delay of the working chan- 
nel. The total delay of the working channel is equal to 
the inherent delay in the working channel plus the delay 
build-out. Once the delay between the channels has 
been equalized, the signal can be hit-lessly switched 
from the working channel to the protect channel. 
[0003] Such an error-less switching system, how- 
ever can only be used when the bit stream transported 
on the protect channel is identical to the bit stream 
transported on the working channel. Such a system 
cannot be used when employing a signal format (tor 
example, the SONET format) in which a payload (i.e.. a 
predetermined unit of data) and a marker indicating the 
location of the payload can float within each frame and 
where the bit streams arriving at the receiver from the 
working and protect channels may not be identical. Fur- 
thermore, the overhead bytes of the signal carried on 
the working channel may be different than the overhead 
bytes of the signal carried on the protect channel, even 
if the starting location of the payload and corresponding 
frames is the same. Signals carried on a SONET net- 
work may. for example, need to be re-routed from the 
working channel to an alternate protect channel which 
may pass through an intermediate central location. To 
keep the payload synchronous with the SONET net- 
work, the payload may be shifted within the frame. The 
signals that arrive at the receiving end on the working 
and protect channels could then possibly be different. 
[0004] U.S. Patent No. 5.051 .979 claims to teach a 
method for achieving hit-less switching between 



SONET signals. In this method, each STS-1 agnal is 
frame-aligned by an individual delay buffer and sent to 
an individual pointer processor. Inside the pointer proc- 
essor, each signal's payload data is extracted and 
c inserted into a new frame, along with a new pointer 
value. At the output of each pointer processor, the new 
pointer values are sent to a pointer justification and con- 
troller circuit. One of the pointer processors ts desig- 
nated the master and the other pointer processor ts 
10 designated the slave. The pointer justification and con- 
troller circuit monitors the pointer value generated by 
the master pointer processor and, based on the master 
pointer value, sends justification control information to 
the slave pointer processor. Thus, at the output of the 
15 two pointer processors, the pointer values match. Sub- • 
seouently, each signal is sent to a 2:1 multiplexer which 
selects between the two STS-1 channels. Because the 
signals are both frame- and payload-aligned. a simple 
2.1 selection can cause a switch from the working chan- 
ge nel to the protect channel and back. 

[0005] While this method accomplishes hit-less 
switching in switching systems employing a signal for- 
mat such as the SONET format, the solution is complex 
and costly because an initial frame alignment must be 
25 performed. Furthermore, this approach requires the 
generation of two distinct SONET frames before per- 
forming the hit-less selection. The circuitry required to 
implement this solution is complex, requiring a separate 
pointer processor to regenerate a new SONET frame for 
30 each of the two channels before the protection switch 
can occur. 



Ql IMMARV OF TMP INVENTION 

35 [0006] Therefore, a need exists for an improved 
error-less (hit-less) switching technique that provides 
the capability to perform a hit-less switch between two 
signals in a communications network without having to 
first frame align the two signals and which is therefore 

40 simpler and less costly than present hit-less switching 
techniques. 

[0007] A further need exists for an improved hit-less 
switching technique that. does not require the genera- 
tion of a distinct SONET frame for each of the two sig- 
45 nals prior to the signal selection, but instead allows hit- 
less switching to occur on the signal payioads prior to 
regenerating a single SONET frame for the selected sig- 
nal. 

[0003] The present invention provides an improved 
so hit-less switching system and method that substantially 
eliminates or reduces disadvantages and problems 
associated with previously developed hit-less switching 
systems and methods used for error -less switching of 
signals from a working channel to an alternate protect 
55 channel. 

[0009] In particular, the present invention provides 
a system and method for processing digital signals in a 
telecommunications system that allows hit-less switch- 
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ing between a first digital signal in which a first payload, 
a first payload indicator marker, and a first overhead are 
transported on a first channel, and a second digital sig- 
nal in which a second payload identical to the first pay- 
load, a second payload indicator marker, and a second 5 
overhead are transported on a second channel. 
[001 0] The Improved hit-less switching system of 
the present invention includes first and second pointer 
followers, first and second elastic buffers with control 
circuits, a monitor circuit, a multiplexer, and a pointer w 
generator. The system selects between working and 
protect STS-l (SONET synchronous transport level 
one) signals without affecting their payload. At the cir- 
cuit input, each STS-l signal is processed by one of 
either the first pointer follower or the second pointer fol- if 
lower, which receives the corresponding signal, 
removes a corresponding signal overhead and forwards 
a corresponding signal payload and payload indicator 
marker into one of either the first elastic buffer with con- 
trol circuit or the second elastic buffer with control cir- 20 
cuit, respectively. 

[001 1 ] The first and second elastic buffer control cir- 
cuits each further comprise a write counter in communi- 
cation with the elastic buffer to write the signal bytes in 
sequenceto the elastic buffer, a read counter in commu- 25 
nication with the elastic buffer to read the signal bytes 
from the elastic buffer, a phase detector to measure the 
offset between the write counter and the read counter 
and generate increment/decrement request signals for 
the pointer generator, and a leak-out mechanism for 30 
reinitializing the system after a protection switch. 
[0012] Payload indicator markers indicating the 
start of their corresponding pay loads are sent to each 
elastic buffer every frame. At the elastic buffer outputs, 
the monitor circuit determines the time difference 35 
between the appearance of the two payload indicator 
markers, which corresponds to the difference in network 
delay between the two copies of the payload. The read 
counter for the protect traffic instantaneously adjusts tor 
the amount, of delay between the two payload indicator 40 
markers. At the pointer generator input the multiplexer 
switches from the working channel to the protect chan- 
nel and forwards the selected payload signal to the 
pointer generator. 

[001 3] The pointer generator receives the selected 45 
payload signal and generates a third overhead and a 
third payload indicator for the selected payload signal to 
create a third digital signal with a third payload that is 
identical to the first and second payioads that originally 
entered the circuit. The circuit is fully symmetric so that so 
a switch from protect traffic back to working traffic uti- 
lizes the same mechanism. 

[001 4] By combining the delay equalization function 
with the pointer processing function, the present inven- 
tion implements hit-less switching without the added 55 
expense of the two variable detay buffers used in the 
aforementioned U.S. Patent No. 5,051.979. Further- 
more, the present invention can be incorporated into 



and further comprise a receiving unit having a receiver 
to receive each of the STS-1 signals and forward them 
to their respective pointer followers. 
[001 5] The present invention provides an important 
technical advantage of an improved hit-less switching 
technique that provides the capability to perform a hit- 
less switch between two signals without having to first 
frame align the two signals and which is therefore sim- 
pler and less costly than present hit-less switching tech- 
niques. 

[0016] Another technical advantage of the present 
invention is that it provides an improved hit-less switch- 
ing technology that does not require the generation of a 
distinct SONET frame tor each of the two signals prior to 
the signal selection, but instead allows hit-less switching 
to occur on the signal payioads prior to regenerating a 
single SONET frame for the selected signal. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0017] For a more complete understanding of the 
present invention and the advantages thereof, reference 
is now made to the following description taken in con- 
junction with the accompanying drawings in which like 
reference numerals indicate like features and wherein: 

FIGURE 1 shows a prior art hit-less switching sys- 
tem; 

FIGURE 2 shows a block diagram representation of 
an example network incorporating an embodiment 
of the hit-less switching pointer processor of the 
present invention; 

FIGURE 3 is a close-up view of a simplified block 
diagram showing an exemplary implementation of 
the hit-less switching pointer processor of FIGURE 
2; 

FIGURE 4 shows a detailed block diagram view of 
the elastic buffer with control circuit of FIGURE 3; 
and 

FIGURE 5 shows a flowchart of one embodiment of 
the. operational steps according to the teaching of 
the present invention. 

DETAILED DESCRIPTION OF THE INVENTION 

[001 8] Preferred embodiments of the present inven- 
tion are illustrated in the figures, like numerals being 
used to refer to like and corresponding parts of the var- 
ious drawings. 

[001 9] The present invention provides the capability 
for hit-less switching between two digital signals. In a 
typical application, such as that shown in FIGURE 2, a 
transmitting device 8 and a receiving device 1 1 can be 
separated over a long distance. Transmitting device 8 
and receiving device 1 1 can be connected over this long 
distance by working channel 7 and protect channel 9. 
The interface between transmitting device 8 and receiv- 
ing device 1 1 can be bi-directional and hence can work 
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the same in either direction, but the following description 
will restrict itself to discussion of only one direction. 
[0020] FIGURE 2, shows a block diagram of an 
embodiment of the hit-less switching pointer processor 
14 of the present invention incorporated into a telecom- 
munications system 100. Telecommunications system 
100 can be an optical telecommunications system utiliz- 
ing the SONET signal format. FIGURE 2 shows input 
STS-i signal 15 originating along input channel 200 in 
transmitting device 8. where it is split and forwarded to 
transmitters 10 along working channel 7 and protect 
channel 9 as working signal STS-1 W and protect signal 
STS-1P, respectively. Transmitters 10. which can be 
identical transmitters, forward working signal STS-1 W 
and protect signal STS-iP to receivers 12 of receiving 
device 11 over working channel 7 and protect channel 
9. respectively. 

[0021] Receivers 12 of receiving device 11 receive 
signals STS-1 W and STS-1 P. Receivers 12 can be 
identical receiving units. Receivers 12 forward signals 
STS-1W and STS-1 P to hit-less switching pointer proc- 
essor 14 which performs the hit-less switching opera- 
tion on working signal STS-1 W and protect signal STS- 
1P Hit-less switching pointer processor 14 forwards a 
reconstituted" output STS-1 signal 400. which has an 
identical payload to input STS-1 signal 15. to the rest of 
the system along output channel 300. 
[0022] Working and protect signals STS-1 W and 
STS-1 P arrive at hit-less switching pointer processor 14 
of FIGURE 2 with identical payloads, but with different 
pointer values. The pointer difference exists because 
each signal has taken a different path through the net- 
work It is now desirable to select between working sig- 
nal STS-1 W and protect signal STS-1 P without 
affecting their payload. Such a selection between work- 
ing signal STS-1 W and protect signal STS-1 P. wh.ch 
does not corrupt their respective payloads. is referred to 
as a hit-less switch. 

[0023] In a typical digital signal processing network, 
the signal carrying the data payload is carried on redun- 
dant paths, as described above in connection with FIG- 
URE 2, to provide the capability of uninterrupted signal 
transmission while one of the two channels is down for 
maintenance. The capability to hit-lessly switch 
between redundant paths, such as working channel 7 
and protect channel 9 above, gives a network user the 
option to select between channels without loss of data. 
Maintenance on one or the other of working channel 7 
or protect channel 9 will therefore not affect the user's 
ability to carry his traffic without interruption. Further- 
more, a hit-less switching system such as the present 
invention can allow for switching between working chan- 
nel 7 and protect channel 9 in a manner transparent to 
those receiving the information (payload) being carried 
on the network. 

[0024] FIGURE 3 shows a close-up block diagram 
of one embodiment of the hit-less switching pointer 
processor 14 of FIGURE 2. At the circuit input, working 



signal STS-lW is received and processed along work- 
ing channel 7 by working pointer follower 16. Likewise, 
protect signal STS-iP is received and processed along 
protect channel 9 by protect pointer follower 18. Work- 
c ing and protect signals STS-1 W and STS-IP are not 
necessarily frame or pointer aligned when received by 
pointer followers 16 and 18. 

[0025] Working pointer follower 1 6 locates the STS- 
1 frame in working signal STS-1 W and extracts working 
to payload 26 and working payload indicator marker 28. 
Protect pointer follower 18 locates the STS-1 frame in 
protect signal STS-iP and extracts protect payload 27 
and protect payload indicator marker 29. Working 
pointer follower 16 and protect pointer follower 18 dis- 
i5 card the SONET frame (SONET overhead) after * 
extracting working payload 26 and protect payload 27 
from their respective SONET frames. Working payload 
26 and protect payload 27 are the actual user traffic. 
[0026] Working and protect pointer followers 1 6 and 
20 1 8 forward working and protect payloads 26 and 27 and 
working and protect payload indicator markers 28 and 
29 to working and protect elastic buffers with control cir- 
cuit 22 and 24, respectively, as frametess signals 20 
and 21. Working pointer follower 16 forwards working 
25 frameless signal 20 to working elastic buffer with control 
circuit 22, and protect pointer follower 18 forwards pro- 
tect frameless signal 21 to protect elastic buffer with 
control circuit 24. 

[0027] Working payload indicator marker 28 and 
3D protect payload indicator marker 29 are the two bytes 
that need to be aligned to ensure that working and pro- 
tect payloads 26 and 27 are not affected during a pro- 
tection switch. Working, and protect payload indicator 
markers 28 and 29 pass through working and protect 
35 elastic buffers with control circuit 22 and 24 along with 
working and protect payloads 26 and 27 as an indica- 
tion (marker) of where the data (payload) is located 
within working and protect signals STS-1 W and STS- 
iP Working payload indicator marker 28 and protect 
40 payload indicator marker 29 indicate the start of the 
working and protect payloads 26 and 27 inside their 
respective SONET frame. 

[0023] Working elastic buffer with control circuit 22 
receives working frameless signal 20. and protect elas- 
45 tic buffer with control circuit 24 receives protect frame- 
less signal 21 . Working elastic buffer with control circuit 
22 and protect elastic buffer with control circuit 24 can 
be two-port ram with independent read and write ports. 
FIGURE 4 shows a representative close-up block dia- 
50 gram detail of either working or protect elastic buffer 
with control circuit 22 or 24. Working elastic buffer with 
control circuit 22 and protect elastic buffer with control 
circuit 24 can be interchangeable and their operation is 
essentially the same. 
55 [0029] On the input side of elastic buffer 40 of FIG- 
URE 4, write counter 42 of control circuit 41 (control cir- 
cuit 41 is shown within the dashed lines) generates 
write addresses to write either working or protect pay- 
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load 25 or 27 and working or protect payload indicator 
marker 28 or 29 into elastic buffer 40. On the output side 
of elastic buffer 40. read counter 44 generates read 
addresses for the elastic buffer 40 and reads out either 
working or protect payload 26 or 27 and working or pro- 
tect payload indicator marker 28 or 29. Elastic buffer 40 
can be a two -port RAM with independent read and write 
ports (at least one read port and one write port) control- 
led by read counter 42 and write counter 44. 
[0030] Phase detector 46 is communicatively con- 
nected to write counter 42 and read counter 44, taking 
inputs from both. Phase detector 46 measures the off- 
set between read counter 44 and write counter 42 and 
ensures that elastic buffer 40 does not spill (i.e., that it 
does not run out of data or does not overflow with too 
much data). Phase detector 46 prevents elastic buffer 
40 from spilling by using the measured offset between 
read counter 44 and write counter 42 to generate incre- 
ment/decrement request signal 38 (or 39). Phase detec- 
tor 46 forwards increment/decrement request signal 38 
(or 39) to pointer generator 36. Leak-out mechanism 48 
returns elastic buffer 40 to its nominal position (i.e., its 
pre-hit-less switching position). The operation of leak- 
out mechanism 48 and phase detector 46 is further 
described beiow as part of the description of re-initializ- 
ing hit-less switching pointer processor 14 after a switch 
from working channel 7 to protect channel 9 has 
occurred, or vice versa. 

[0031] in FIGURE 4, adjust signal 34 coming from 
monitor 32 of FIGURE 3 adjusts one of either working 
elastic buffer with control circuit 22's or protect elastic 
buffer with control circuit 24's corresponding read coun- 
ter 44. Read counter 44 receives adjust signal 34 and 
uses it to align working payload indicator marker 28 with 
protect payload indicator marker 29 prior to, and in order 
to. perform a hit-less switch from working channel 7 to 
protect channel 9, or wee versa. 
[0032] As shown in FIGURE 3, working elastic 
buffer with control circuit 22 forwards payload 26 to 2:1 
multiplexer 30 and forwards working payload indicator 
marker 28 to monitor 32. Protect elastic buffer with con- 
trol circuit 24 forwards payload 27 (which is identical to 
payload 26) to 2:1 multiplexer 30 and forwards protect 
payload indicator marker 29 to monitor 32. Monitor 32 
receives working payload indicator marker 28 and pro- 
tect payload indicator marker 29 and measures the time 
delay between them. Monitor 32 generates adjust signal 
34, which it forwards to control circuit 41 of protect elas- 
tic buffer with control circuit 24. Alternatively, monitor 32 
can forward adjust signal 34 to control circuit 41 of work- 
ing elastic buffer with control circuit 22. The system is 
such that either working or protect elastic buffer with 
control circuit 22 or 24 can be adjusted to match the 
other. 

[0033] The time delay between working and protect 
payload indicator markers 28 and 29 determines the 
amount working payload 26 is either delayed or 
advanced with respect to protect payload 27, or wee 



versa. Adjust signal 34 adjusts payload indicator marker 
28 or 29 by the measured time delay to align working 
payload 26 and protect payload 27. Once working pay- 
load 26 and protect payload 27 are aligned, the switch 

£ from working channel 7 to protect channel 9 will be hit- 
less. Adjusting for the delay differential between working 
and protect payload indicator markers 28 and 29 is key 
to making the channel selection hit-less. 
[0034] During normal operation when, for example, 

io working channel 7 is selected, read counter 44 associ- 
ated with control circuit 41 of working elastic buffer with 
control circuit 22 is reading from the associated elastic 
buffer 40 payload byte sequence. At the same time, 
read counter 44 associated with control circuit 41 of pro- 

is tect elastic buffer with control circuit 24 is reading out 
from elastic buffer 40 associated with the protect chan- 
nel. To make a hit- 1 ess switch, hit -I ess switching pointer 
processor 14 instantaneously adds or subtracts the 
adjustment value (the time delay) from protect read 

20 counter 44 (or, alternatively, from working read counter 
44) to ensure that each byte coming out of working elas- 
tic buffer with control circuit 22's elastic buffer 40 is the 
same as the corresponding byte coming out of protect 
elastic buffer with control circuit 24's elastic buffer 40. 

25 [0035] 2:1 multiplexer 30 of FIGURE 3 performs the 
selection (switching) between working payload 26 and 
protect payload 27. 2:1 multiplexer 30 receives working 
payload 26 from working elastic buffer with control cir- 
cuit 22 along working channel 7 and receives protect 

so payload 27 from protect elastic buffer with control circuit 
24 along protect channel 9. Once a protection switch is 
initiated, 2:1 multiplexer 30 switches from the channel 
on which it was previously receiving payload data 
(either working channel 7 or protect channel 9) to the 

35 other previously non-selected channel. 2:1 multiplexer 
30 forwards selected payload 31 to pointer generator 
36. 

[0036] Pointer generator 36 receives selected pay- 
load 31 and generates a third SONET overhead and a 

40 third payload indicator marker and combines them with 
selected payload 31 to create a third digital signal, out- 
put STS-1 signal 400, with a payload identical to input 
STS-1 signal 15 shown in transmission device 8 of FIG* 
URE 2. Pointer generator 36 regenerates a SONET 

45 frame such that the SONET overhead is placed around 
selected payload 31. and also generates a new pointer 
value within the SONET overhead to point to the pay- 
load in output STS-1 signal 400. By generating only a 
single SONET overhead at the end of the process, once 

so the selection between working payload 26 and protect 
payload 27 has been completed, circuit complexity is 
reduced and the necessity for frame alignment no 
longer exists. 

[0037] Unlike the prior art the present invention 
55 regenerates only a single SONET frame using a single 
pointer generator 36. For example, the prior art hit-less 
switching system 600 shown in FIGURE 1 includes 
working and protect signals STS-1 W and STS-lP.trans- 



5 



EP 0 999 653 A2 



10 



mined along working and protect channels 7 and - 
respectively. Working and protect signals STS-1W and 
STS- 1 P are received by delay buffers 2. which are com- 
municatively connected to corresponding pointer proc- 
essors 4 Delay buffers 2 are used to frame-align 
working and protect signals STS-1W and STS-lP 
Pointer processors 4 are themselves commun.cat.vely 
connected to one another Pointer processors ;4 par 
load-align working and protect signals STS-1 w ana 
STS- IP and regenerate a separate SONET frame for 
each of their payloads. The improved hit-less switching 
system of the present invention eliminates the need tor 
regenerating a second SONET frame. 
r0038] Furthermore, since only a single SONET 
lame will be regenerated at the end of the select-on 
process frame alignment is not required in the preset 
invention. In the present invention, unlike in the prior art 
of FIGURE 1. the position of the frame within working 
and protect signals STS-1W and STS-1P is not a factor 
that needs to be taken into account. Therefore, delay 
buffers 2 of prior art FIGURE 1 are not necessary since 
working and protect signals STS-1W and STS-1 P do 
not need to be frame-aligned. 

[00391 The operation of pointer generator 36 of 
FIGURE 3 is' based on selected payload 31 position: 
when mapping selected payload 31 position into a new 
SONET frame, pointer generator 36 produces a pointer 
value that points to the correct location (i.e.. identifies 
the location) of selected payload 31 within the new 
SONET frame. STS counter 50 of FIGURE 3. communi- 
catively connected to pointer generator 36, determines 
the STS frame for output STS-1 signal 400. Working 
pointer follower 16 and protect pointer follower 18 can 
have corresponding STS counters 52 and 54, which 
count off (determine) the locations of the STS frames , in 
working and protect signals STS-l W and STS-lP. 
respectively. STS counters 50, 52 and 54 can be related 
to each other in whatever relationship is necessary by 
the particular network. The present invention can work 
with any arrangement of STS counters 50. 52 and 54. 
[0040] Together. STS counters 50, 52 and 54 deter- 
mine the STS frame location within working and protect 
signals STS-1W and STS-1 P and within output STS-1 
signal 400. The SONET frame can be anywhere m input 
STS-1 signal 15 with relation to the output STS-1 signal 
400- there need not be any frame alignment performed 
on working and protect signals STS-1W and STS-1 P 
prior to channel selection. 

[0041 ] Frame location within the signal, however, is 
limited by elastic buffer 40 depth (i.e.. how much offset 
is built into elastic buffer 40 of FIGURE 4). By adjusting 
elastic buffer 40 depth, the amount of frame offset 
between working and protect channels 7 and 9 can De 
correspondingly adjusted. If the degree of offset in 
frame location between working and protect signals 
STS-1W and ST3-1P is not within elastic buffer 40 
depth spilling of elastic buffer 40 can result. A deep 
elastic buffer 40 can buffer many frames, but if elastic 



buffer 40 is only one frame deep, then working and pro- 
tect signals STS-1 W and STS-1 P can only be offset by 
about one frame. Elastic buffers 40 can be of whatever 
size necessary; for example. 16 bytes deep. 
- [0042] The size of elastic buffer 40 determines how 
much variation can be absorbed between working and 
protect payload indicator markers 28 and 29. The total 
range of difference between working and protect pay- 
load indicator markers 28 and 29 in turn depends on the 
w difference in delay between working and protect chan- 
nels 7 and 9. If, for example, the difference in length 
between working channel 7 and protect channel 9 is 
one kilometer, a calculation using the speed of light 
musi be performed to determine the delay between 
, 5 working and pror.ct payloads 26 and 27 based on that • 
length difference. Elastic buffers 40 should be sized 
accordingly to ensure that, based on the path length dif- 
ference, working and protect payload indicator markers 
28 and 2S are in their respective elastic buffers 40 at the 
so same instant (i.e.. within one elastic buffer 40 depth of 
each other). 

[0043] Another important aspect of working elastic 
buffer with control circuit 22 and protect elastic buffer 
with control circuit 24 (or, more particularly, elastic buff- 
25 ers 40 of FIGURE 4. which are part of working and pro- 
tect elastic buffers with control circuit 22 and 24 of 
FIGURE 3) is the fill level of elastic buffer 40 (how to 
manage the amount of data in the buffer). In other 
words after a hit-less switch from either working chan- 
30 nel 7 to protect channel 9, or vice versa, elastic buffers 
40 may need to be leaked back to a nominal position n 
order to absorb a subsequent protection swrich.ng 

event. , . , 

[0044] Any number of elastic buffer 40 leaking solu- 
35 tions can be used in conjunction with the present inven- 
tion Two of these solutions are described herein. In the 
fist each elastic buffer 40 operates in a region near its 
half-full position. When a protection switch is performed, 
protect elastic buffer 40 instantly changes its fill percent- 
« age to compensate for the time delay between working 
and protect payloads 26 and 27. Protect elastic buffer 
40 may have tD leak out its contents in order to return to 
a nominal position (i.e., its one-half full position) after a 
protection switch occurs. For this solution to work, each 
45 elastic buffer 40 should be sized at least two times the 
amount of time delay that must be compensated for 
between working and protect payloads 26 and 27. This 
is because read counter 44 can only be adjusted by. at 
most one-half of the size of elastic buffer 40 to prevent 
so a spill. Leak-out mechanism 48 of FIGURE 4 works in 
conjunction with elastic buffer 40 to leak out the con- 
tents of elastic buffer 40 and return it to its nominal posi- 
tion after a switch event. 

[0045] In an alternative solution, a decision is made 
55 by examining working signal STS-1 W and protect signal 
STS-1 P to determine which signal is ahead and which 
is behind. The elastic buffer 40 for the ahead signal 
would operate near its full position and the elastic buffer 
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4-0 for- the behind signa! would operate near its empty 
point. Using this approach, the maximum amount of 
time delay between working and protect payloads 25 
and 27 can be compensated for a given elastic buffer 40 
size. The ahead signal's elastic buffer 40 would have 
room to shrink to its near empty position during a pro- 
tection switch. Similarly, the behind signal's elastic 
buffer 40 would have room to grow to its near-full posi- 
tion during a protection switch, in this scenario, neither 
elastic buffer 40 would have to be leaked out after a pro- 
tection switch. However, if it were determined by the cir- 
cuit that the initially behind signal had turned into the 
ahead signal due to changes in the network, then a 
leak-out would have to be performed to re-orient the two 
elastic buffers 40. Leak-out mechanism 48 of FIGURE 4 
could then still be necessary 

[0046] As part of sizing elastic buffers 40 for a par- 
ticular application, it should be taken into account that 
working and protect payload indicator markers 28 and 
29 should be present inside their respective elastic buff- 
ers 40 at the same time. A corollary of this is that the 
system should be able to handle a situation where work- 
ing and protect payload indicator markers 28 and 29 are 
within corresponding elastic buffers 40. but are in non- 
corresponding frames. This situation could be 
accounted for by specifying ahead of time the amount of 
time delay between working and protect payloads 26 
and 27 that can be compensated for within hit-less 
switching pointer processor 1 4 by sizing elastic buffers 
40 appropriately. The minimum elastic buffer 40 size 
should be approximately equal to the amount of delay to 
be compensated, plus some fixed overhead for fre- 
quency justification, overhead gaps in the payload, and 
a guard band. 

[0047] in the improved hit-less switching system of 
the present invention, the amount of time delay com- 
pensation performed by hit-less switching pointer proc- 
essor 14 is preferably less than one-half of a SONET 
frame, or 62.5 milliseconds. Therefore, locating the 
matching working or protect payload indicator marker 
28 or 29 can be done by simply selecting the closest 
working or protect payload indicator marker 28 or 29. 
However, even in applications where there is some 
question as to which working or protect payload indica- 
tor marker 28 or 29 belongs to the same frame, there is 
a solution utilizing the SONET overhead. In a particular 
path overhead, a B3 byte contains a BIP-8 calculation 
performed over the entire signal. Since the working and 
protect SONET frames carry the same working and pro- 
tect payloads 26 and 27, the B3 bytes in matching 
frames should match. Thus, by comparing the B3 bytes 
in working and protect payloads 26 and 27, the circuit 
can determine which working or protect payload indica- 
tor markers 28 or 29 belong to the same frame. 
[0048] FIGURE 5 is a flowchart diagramming the 
overall operation of the present invention. Step 56 corre- 
sponds to input STS-1 signal 15 that has already been 
split into working and protect signals STS-1 W and STS- 



1P along working channel 7 and protect channel 9, 
respectively. At step 55. working and protect pointer fol- 
lowers 16 and 18 receive working and protect signals 
STS-1 W and STS-iP. Working and protect pointer fol- 

£ lowers 16 and IB extract working and protect payloads 
26 and 27 and working and protect payload indicator * 
markers 28 and 29 from working and protect signals 
STS-1 W and STS-1 P. respectively, and forward them to 
working and protect elastic buffers with control circuit 22 

io and 24. Step 60 shows the first of the two leaking solu- 
tions described for dealing with re-initializing elastic 
buffers 40 after a switching event. At step 60, working 
and protect elastic buffers 40 are brought to their one- 
half full positions. Both elastic buffers 40 should be 

is sized so that working and protect payload indicator 
markers 28 and 29 appear in their respective elastic 
buffer 40 at the same time. Step 60 alternatively could 
correspond to the second leaking solution described 
above in which one elastic buffer 40 operates near its 

20 full point and the other near its empty point. 

[0049] At step 62 of FIGURE 5. monitor 32 of FIG- 
URE 3, independently of the fill position, measures the 
distance (difference) between working and protect pay- 
load indicator markers 28 and 29. Monitor 32 thus deter- 

25 mines the degree of offset between working and protect 
payloads 26 and 27, and hence how much of an adjust- 
ment must be made to working and protect payload indi- 
cator marker 28 or 29 to make the protection switch hit- 
less. At step 64, it is safe for.the user to initiate a protec- 
ts tion switch and the hit-less switch is initiated. Steps 58 • 
through 62 correspond to an initialization stage used to 
indicate when it is safe to perform a hit-less switch from 
working channel 7 to protect channel 9, or vice versa. 
Step 64 corresponds to the actual switch from working 

35 channel 7 to protect channel 9, or wee versa. 

[0050] Simultaneously with initiating a switch from 
working channel 7 to protect channel 9. or wee versa, in 
step 65 read counter 44 for protect elastic buffer 40 (or 
read counter 44 for the currently non-selected channel) 

40 is adjusted by the -amount of offset between working 
payload indicator marker 28 and protect payload indica- 
tor marker 29 as determined by monitor 32. This 
ensures that the same bytes that would have been read 
from working elastic buffer 40 (or the currently selected 

45 channel elastic buffer 40) are being read from protect 
elastic buffer 40 (or from the currently non-selected 
elastic buffer 40). Monitor 32 performs this operation by 
generating adjust signal 34 and forwarding it to read 
counter 44 of the elastic buffer 40 that is being adjusted. 

5c Read counter 44 either adds or subtracts the difference 
between working and protect payload indicator markers 
28 and 29. 

[0051] In step 66 of FIGURE 5, simultaneously with 
step 65, 2:1 multiplexer 30 of FIGURE 3 switches from 
55 working channel 7 to protect channel 9 (or Wee versa). . 
From this point forward the system uses selected pay- 
load 31, which corresponds to protect payload 27 from 
protect elastic buffer 40 (or to the payload correspond- 



7 



13 



EP 0 999 653 A2 



14 



ing to the previously non-selected elastic buffer 40) 
Selected payload 31 is forwarded to pointer generator 
36 by 2:1 multiplexer 30. 

[0052] Following step 66, FIGURE 5 branches into 
simultaneous steps 67 and 68. At step 67, protect elas- 
tic buffer 40 is returned to its one-half full position, ii 
necessary, through leak-out mechanism 48 of FIGURE 
4" Leak-out mechanism 48 re-initializes the circuit to 
allow a switch back to the originally selected cnannel 
when necessary. 

[0053] In step 58, selected payload 31 is received 
by pointer generator 36. Pointer generator 36 creates 
output STS-1 signal 400 by regenerating a new SONET 
frame around selected payload 31 and generating a 
new payload indicator marker to indicate the position of 
selected payload 31 within the new SONET frame. 
Pointer generator 36 forwards output STS-1 signal 400 
to the rest of the system. 

[0054] After a switching event takes place from 
working channel 7 to protect channel 9, or wee versa, 
leak-out mechanism 48 may be required to realign the 
system. If the system is not first realigned, a subsequent 
switching event may not be hit-less and data could pos- 
sibly be corrupted. During the time delay while elastic 
buffers 40, corresponding to working elastic buffer with 
control circuit 22 and protect elastic buffer with control 
circuit 24, are being leaked by their corresponding leak- 
out mechanisms 48 (if necessary), another hit-less 
switch cannot be performed. This time delay places a 
restriction on consecutive switches between working 
and protect channels 7 and 9 if such a leak-out is 
required. 

[0055] As shown in FIGURE 4, leak-out mechanism 
48 works in conjunction with phase detector 46 to initi- 
ate a leak-out and realign the system. Phase detector 
46 measures the offset between read counter 44 and 
write counter 42. That offset determines elastic buffer 
40 fill level (i.e.. how full/empty the corresponding elas- 
tic buffer 40 is). Phase detector 46 generates incre- 
ment/decrement request signal 38 (or 39) and forwards 
it to pointer generator 36 as shown in FIGURE 3. 
Pointer generator 36 receives increment/decrement 
request signals 38 and 39 and generates pointer move- 
ments based on them. These pointer movements are 
used to adjust elastic buffers' 40 fill levels. 
[0056] For example, in the first solution described 
for re-initializing hit-less switching pointer processor 14 
(in which each elastic buffer 40 operates in a region 
near its half-full position), during the initialization phase 
each elastic buffer 40 is brought to its one-half full posi- 
tion by increment/decrement request signal 38 or 39. 
After a switch from working channel 7 to protect channel 
9 occurs, protect elastic buffer 40 is no longer at its one- 
half full position. At that point, phase detector 36 asso- 
ciated with protect channel 9 should generate the 
appropriate increment/decrement request signal 39 to 
bring protect elastic buffer 40 back to its one-half full 
position. Phase detector 36 measures elastic buffer 40 



level by comparing read counter 44 and write counter 
42. Phase detector 36 generates increment/decrement 
request signal 39, which is used by pointer generator 36 
to move its pointer. This pointer movement controls the 
c level in the elastic buffer 40. This feedback mechanism 
occurs at step 67 of FIGURE 5. 
[0057] While the present invention has been 
described from the point of view of a working channel 
and a protect channel, it is understood that the channels 
10 are interchangeable. Similarly, working and protect sig- 
nals STS-1 W and STS-lP have been described in 
terms of a single frame which is operated on by hit-less 
switching pointer processor 14; however, each can be 
comprised of a series of frames and corresponding 
15 series of payloads and payload indicators transported 
on a given channel. Likewtse. the frames (overheads) of 
a given signal can have starting locations on the work- 
ing channel different from those on the protect channel 
for a given payload. The present invention has been 
20 described in terms of the SONET signal format, but the 
present invention is also applicable to other signal for- 
mats having similar characteristics in telecommunica- 
tions systems requiring hit-less switching between 
alternate channels. 
25 [0058] In summary, the present invention provides 
an improved hit -less switching system and method that 
allows hit-less switching between a first digital signal in 
which a first payload, a first payload indicator, and a first 
overhead are transported on a first channel, and a sec- 
30 ond digital signal in which a second payload identical to 
the first payload. a second payload indicator, and a sec- 
ond overhead are transported on a second channel 
[0059] Although the present invention has been 
described in detail herein with reference to the illustra- 
35 five embodiments, it should be understood that the 
description is by way of example only and is not to be 
construed in a limiting sense. It is to be further under- 
stood, therefore, that numerous changes in the details 
of the embodiments of this invention and additional 
40 embodiments of this invention will be apparent to. and 
may be made by, persons of ordinary skill in the art hav- 
ing reference to this description. It is contemplated that 
all such changes and additional embodiments are within 
the spirit and true scope of this invention as claimed 
45 below. 



Claims 

1 . A system for processing digital signals in a tetecom- 
50 munications system that allows hit-less switching 
between a first digital signal, in which a first pay- 
load, a first payload indicator marker and a first 
overhead are transported on a first channel, and a 
second digital signal, in which a second payload 
55 identical to the first payload. a second payload indi- 
cator marker and a second overhead are trans- 
ported on a second channel, comprising: 
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a first pointer follower to receive the first signa!, 
remove the first overhead, and forward the first 
payload and the first payload indicator marker; 
a second pointer follower to receive the second 
signal, remove the second overhead, and for- £ 
ward the second payioad and the second pay- 
load indicator marker; 

a first elastic buffer with control circuit to 
receive the first payload and the first payload 
indicator marker, to forward the first payioad to 
indicator marker, and to forward the first pay- 
load; 

a second elastic buffer with control circuit to 
receive the second payload and the second 
payload indicator marker, to forward the sec- is 
ond payload indicator marker, and to forward 
the second payload; 

a monitor circuit to measure a time delay 
between the first payload indicator marker and 
the second payload indicator marker and to 20 
adjust one of the first or second elastic buffer 
control circuits by the measured time delay to 
align the first payload indicator marker and the 
second payload indicator marker with each 
other; 25 
a multiplexer to receive the first payload and 
the second payload. to select between the first 
payload and the second payload. and to for- 
ward a selected payload; and 
a pointer generator to receive the selected pay- 30 
load, to generate a third overhead and a third 
payload indicator, and to include the third over- 
head and third payload indicator with the 
selected payload to create a third digital signal 
with a third payload identical to the first and 35 
second payloads. 

2. The system of Claim 1 . wherein the first digital sig- 
nal and the second digital signal have a format in 
which a signal payload and a payload indicator 40 
marker can float within a signal frame. 

3. The system of Claim 1 , wherein the first digital sig- 
nal and the second digital signal have a SONET 
signal format. 4 - 

4. The system of Claim 1 , wherein the monitor circuit 
adjusts the first elastic buffer control circuit by the 
measured time delay to align the first payload indi- 
cator marker with the second payload indicator sc 
marker. 

5. The system of Claim 1 , wherein the monitor circuit 
adjusts the second elastic buffer control circuit by 

the measured time delay to align the second pay- 55 
load indicator marker with the first payload indicator 
marker. 



5. The system of Claim 1, wherein the first elastic 
buffer control circuit further comprises: 

a first write counter in communication with the 
first etastic buffer to write the first signa! bytes 
in sequence to the first elastic buffer; 
a first read counter in communication with the 
first elastic buffer to read the first signal bytes in 
sequence from the first elastic counter; and 
a first phase detector to measure the offset 
between the first write counter and the first 
read counter and generate a first incre- 
ment/decrement request signal tor the pointer 
generator; and 

wherein the second elastic buffer control 
circuit further comprises: 
a second write counter in communication with 
the second elastic buffer to write the second 
signal bytes in sequence to the second elastic 
.buffer; 

a second read counter in communication with 
the second elastic buffer to read the second 
signal bytes in sequence from the second elas- 
tic counter; and 

a second phase detector to measure the offset 
between the second write counter and the sec- 
ond read counter and generate a second incre- 
ment/decrement request signal for the pointer 
generator. 

7. The system of Claim 6. wherein the monitor circuit 
adjusts the first read counter by the measured time 
delay to align the first payload indicator marker with 
the second payload indicator marker. 

8. The system of Claim 6. wherein the monitor circuit 
adjusts the second read counter by the measured 
time delay to align the second payload indicator 
marker with the first payioad indicator marker. 

9. The system of Claim 6. wherein the first elastic 
buffer control circuit further comprises a first leaking 
mechanism to reinitialize the first elastic buffer, and 
wherein the second elastic buffer control circuit fur- 
ther comprises a second leaking mechanism to 
reinitialize the second elastic buffer, following a hit- 
less switch from the first digital signal to the second 
digital signal, or wee -versa. 

10. The system of Claim 9, wherein the first and second 
elastic buffers operate near their half-full position 
and wherein the first and second elastic buffers are 
sized to compensate for at least two times the time 
delay between the first payload and the second 
payload during a switch from the first digital signal 
to the second digital signal, or vice versa. 

11. The system of Claim 9, wherein the first elastic 
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buffet opetates near its full position and the second 
elastic oufier operates near its empty position, or 
vice ve'sa. to be able to compensate for the time 
delay between the first payload and the second 
payloac during £ switch from the first digital signal s 
to the second digital signal, or wee versa. 

12. The svstem of Claim 1 . further comprising a receiv- 
' ing unit having a first receiver to receive the first sig- 
nal and forward it to the first pointer follower and a jo 
second receiver to receive the second signal and 
forward it to the second pointer follower. 

1 3. The system of Claim 1 . further comprising. 

a first STS counter communicatively connected 
to tne first pointer follower to track the first over- 
head frame structure; 

a second STS counter communicatively con- 
nected to the second pointer lollower to track 20 
the second overhead frame structure; and 
a third STS counter communicatively con- 
nected to the pointer generator to track the 
third overhead frame structure. 

14 The system of Claim 1, wherein the first signal is 
further comprised of a first series of overheads in 
which a first series of payloads and a first series of 
payload indicator markers are being transported on 
a first channel, and wherein the second signal is 30 
further comprised of a second series of overheads 
in which a second series of payloads identical to the 
first series of payloads and a second series of pay- 
load indicator markers are being transported on a 

35 

second channel. 

1 5 The system of Claim 14, wherein the second series 
of overheads have payload starting locations, for 
particular ones of the second series of overheads, 
that can be different from the starting locations of *o 
identical particular payloads in the first series of 
overheads. 

16 The system of Claim 1. wherein the first channel 
comprises a working channel and the second chan- «s 
nel comprises a protect channel. 

1 7 The system of Claim 1 , wherein the first and second 
elastic buffers are sized such that the first payload 
indicator marker and the second payload ind»cator so 
marker are located^ the first elastic buffer and in 
the second elastic buffer, respectively, at the same 
time. 

1 8. The system of Claim 1 . wherein the first channel is 55 
a first fiber-optic line and the second channel is a 
second fiber-optic line. 



A method for processing digital signals in a tele- 
communications system that allows hit-less switch- 
ing between a first digital signal, in which a first 
payload, a first payload indicator marker and a first 
overhead are transported on a first channel, and a 
second digital signal, in which a second payload 
identical to the first payload. a second payload indi- 
cator marker and a second overhead are trans- 
ported on a second channel, comprising: 

receiving the first signal at a first pointer fol- 
lower removing the first overhead, and tor- 
warding the first payload and the first payload 
indicator marker; 

receiving the second signal at a second pointer 
follower, removing the second overhead, and 
forwarding the second payload and the second 
payload indicator marker; 
receiving the first payload and the first payload 
indicator marker at a first elastic buffer with 
control circuit, forwarding the first payload indi- 
cator marker, and forwarding the first payload. 
receiving the second payload and the second 
payload indicator marker at a second elastic 
buffer with control circuit, forwarding the sec- 
ond payload indicator marker, and forwarding 
the second payload; 

measuring a time delay between the first pay- 
load indicator marker and the second payload 
indicator marker at a monitor circuit and adjust- 
ing one of the first or second elastic buffer con- 
trol circuits by the measured time delay to align 
the first payload indicator marker and the sec- 
ond payload indicator marker; 
receiving the first payload and the second pay- 
load at a multiplexer, selecting between the first 
payload and the second payload. and forward- 
ing a selected payload; and 
receiving the selected payload at a pointer gen- 
erator, generating a third overhead and a third 
payload indicator, and including the third over- 
head and third payload indicator with the 
selected payload to create a third digital signal 
with a third payload identical to the first and 
second payloads. 

20. The method of Claim 19, further comprising making 
the format of the first digital signal and the second 
digital signal a format in which a signal payload and 
a payload indicator marker can float within a signal 
frame. 

21 . The method of Claim 1 9, further comprising making 
the format of the first digital signal and the second 
digital signal a SONET signal format. 

22. The method of Claim 19. further comprising adjust- 
ing the f irst elastic buffer control circuit by the meas- 
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ured time delay with the monitor circuit to align the 
first pay toad indicator marker with the second pay- 
load indicator marker. 

23. The method of Claim 19, further comprising adjust- 
ing the second elastic butler control circuit by the 
measured time delay with the monitor circuit to 
align the second payload indicator marker with the 
first payload indicator marker. 

24. The method of Claim 19. wherein the first elastic 
butter control circuit further comprises: 

a first write counter in communication with the 
first elastic buffer to write the first signal bytes 
in sequence to the first elastic buffer, 
a first read counter in communication with the 
first elastic buffer to read the first signal bytes in 
sequence from the first elastic counter; and 
a first phase detector to measure the offset 
between the first write counter and the first 
read counter and generate a first incre- 
ment/decrement request signal for the pointer 
generator to prevent the first elastic buffer Irom 
spilling; and 

wherein the second elastic buffer control 
circuit further comprises: 
a second write counter in communication with 
the second elastic buffer to write the second 
signal bytes in sequence to the second elastic 
buffer; 

a second read counter in communication with 
the second elastic buffer to read the second 
signal bytes in sequence from the second elas- 
tic counter; and 

a second phase detector to measure the offset 
between the second write counter and the sec- 
ond read counter and generate a second incre- 
ment/decrement request signal for the pointer 
generator to prevent the second elastic buffer 
from spilling. 

25. The method of Claim 24 further comprising adjust- 
ing the first read counter by the measured time 
delay with the monitor circuit to align the first pay- 
load indicator marker with the second payload indi- 
cator marker. 

26. The method of Claim 24 further comprising adjust- 
ing the second read counter by the measured time 
delay with the monitor circuit to align the second 
payload indicator marker with the first payload indi- 
cator marker. 

27. The method of Claim 19. wherein the first elastic 
buffer control circuit further comprises a first leaking 
mechanism to reinitialize the first elastic buffer, and 
wherein the second elastic buffer control circuit fur- 



ther comprises a second leaking mechanism to 
reinitialize the second elastic buffer, following a hit- 
less switch from the first digital signal to the second 
digital signal, or wce-^ersa. 

5 

28. The method of Claim 27, further comprising the 
steps of: 

sizing the first and second elastic buffers to 
w . compensate for at least two times the time 

delay between the first payload and the second 
payload during a switch from the first digital sig- 
nal to the second digital signal, or vice versa: 
and 

is operating the first and second elastic buffers 

near their half -full position. 

29. The method of Claim 27, further comprising the 
steps of operating the first elastic buffer near its full 

20 position and operating the second elastic buffer 
near its empty position, or vice versa, to be able to 
compensate for the time delay between the first 
payload and the second payload during a switch 
from the first digital signal to the second digital sig- 

25 nal, or Wee versa. 

30. The method of Claim 19. further comprising: 

tracking the first overhead frame structure with 
3D a first STS counter communicatively connected 

to the first pointer follower; 
tracking the second overhead frame structure 
with a second STS counter communicatively 
connected to the second pointer follower; and 
35 tracking the third overhead frame structure with 

a third STS counter communicatively con- 
nected to the pointer generator. 

31. The method of Claim 19, further comprising using 
40 the first channel as a working channel and using the 

second channel as a protect channel. 

32. The method of Claim 19, further comprising sizing 
the first and second elastic buffers such that the first 

45 payload indicator marker and the second payload 
indicator marker are located in the first elastic buffer 
and in the second elastic buffer, respectively, at the 
same time. 

so 33. The method of Claim 1 9, further comprising making 
the first channel a first fiber-optic line and the sec- 
ond channel a second fiber-optic line. 
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